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Also disclosed 1s an organic light emitting device including
the organic light emitting compound. The organic light
emitting device can be driven at a low voltage to achieve
high power efliciency. In addition, the organic light emitting
device has excellent luminescent properties, such as high
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luminance and high luminous efliciency. Due to these advan-
tages, the organic light emitting device can be utilized as a
display device or a lighting device.

4 Claims, 1 Drawing Sheet
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ORGANIC LIGHT EMITTING COMPOUND
AND ORGANIC LIGHT EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean patent appli-

cation KR 10-2014-0057831, filed May 14, 2014, which 1s
incorporated herein 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a novel organmic light
emitting compound and an organic light emitting device
with excellent luminescent properties, such as high power
elliciency and high luminance, including the organic light
emitting compound.

2. Description of the Related Art

Materials for organic layers of organic light emitting
devices can be classified into light emitting materials and
charge transport materials by their functions. The charge
transport materials may be, for example, hole imjecting
materials, hole transport materials, electron transport mate-
rials, and electron injecting materials. The light emitting
materials are classified into blue, green, and red light emait-
ting materials depending on what colors they emit. The light
emitting materials also include yellow and orange light
emitting materials necessary to obtain more natural colors.

A host/dopant system can be used as a light emitting
material to increase the color purity of a light emitting layer
and achieve increased luminescence etliciency of the light
emitting layer through energy transier. The host/dopant
system 1s based on the principle that when a small amount
of a dopant whose energy bandgap 1s smaller and whose
luminescence efliciency i1s higher than those of a host
essentially constituting the light emitting layer 1s mixed 1n
the light emitting layer, excitons generated from the host are
transported to the dopant to emit light with high efliciency.
During this process, the wavelength of the host 1s shifted to
the wavelength band of the dopant. Therefore, light with a
desired wavelength can be obtained depending on the kind
of the dopant used.

Stability and efliciency of materials for organic layers are
prerequisites for the fabrication of organic light emitting
devices with excellent characteristics. That 1s, organic light
emitting devices should be supported by stable and eflicient
organic layer matenials, for example, hole injecting materi-
als, hole transport materials, light emitting materials, elec-
tron transport materials, and electron 1njecting materials, for
their excellent characteristics. However, stable and etfhicient
organic layer materials for organic light emitting devices
remain at the early stage of development. There 1s thus a
continued need to develop new materials for organic layers
of organic light emitting devices.

SUMMARY OF THE INVENTION

Theretfore, the present invention 1s directed to providing
an organic light emitting compound suitable for use in the
fabrication of an organic light emitting device with
improved luminescent properties. The present invention 1s
also directed to providing an organic light emitting device
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with excellent luminescent properties, such as high power
elliciency and high luminance, including the organic light
emitting compound.

One aspect of the present invention provides a novel
organic light emitting compound represented by Formula I:

()

wherein the substituents are defined in detail below.

Another aspect of the present invention provides an
organic light emitting device including the organic light
emitting compound.

The organic light emitting device of the present invention
can be driven at a low voltage, achieving high power
elliciency. In addition, the organic light emitting device of
the present mvention has excellent luminescent properties,
such as high luminance and high luminous efliciency. Due to
these advantages, the organic light emitting device of the
present mvention can be utilized as a display device or a
lighting device.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the mven-
tion will become apparent and more readily appreciated
from the following description of the embodiments, taken 1n
conjunction with the accompanying drawings of which:

The FIGURE 1s a schematic view of an organic light
emitting device according to one embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present mvention will now be described 1n more
detail.

The present mvention provides an organic light emitting,
compound suitable for use 1n the fabrication of an organic
light emitting device with improved luminescent properties,
such as high power efliciency and high luminance. Particu-
larly, the organic light emitting compound of the present
invention 1s used as a host or dopant compound 1n a light
emitting layer of an organic light emitting device.

Specifically, the organic light emitting compound of the
present invention 1s represented by Formula I:
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wherein X 1s NR,,, O, S or SiR,,R 5, Z, and 7, may be 15 Al Ag x
identical to or different from each other and may be each g ‘Y’ X
independently selected from monocyclic or polycyclic aro- R'— I
matic rings, monocyclic or polycyclic heteroaromatic rings, As \A(J\AS/ .
5- and 6-membered heteroaromatic rings fused with an
aromatic ring, and monocyclic or polycyclic aromatic rings 29 "
fused with a 5- or 6-membered heteroaromatic ring, R, to
R, ; may be 1dentical to or different from each other and may N /Al% /AS_\ N
be each independently selected from hydrogen, deuterium, R ::2
substituted or unsubstituted C, -C;, alkyl groups, substituted Az N /\ P
or unsubstituted C.-C,, aryl groups, substituted or unsub- “3 Al As A
stituted C,-C,, alkenyl groups, substituted or unsubstituted
C,-C,, alkynyl groups, substituted or unsubstituted C5-C;, P As A7
cycloalkyl groups, substituted or unsubstituted C,-C., het- R;_j?:i v K_i h
eroaryl groups having one or more heteroatoms selected .| Az /]\ /I\ _Z
from O, N, S, and P, substituted or unsubstituted C,-C;, A4 A As

alkoxy groups, substituted or unsubstituted C,-C,, aryloxy
groups, substituted or unsubstituted C,-C,, alkylthioxy
groups, substituted or unsubstituted C.-C;, arylthioxy
groups, substituted or unsubstituted C,-C,, alkylamine 35
groups, substituted or unsubstituted C.-C;, arylamine
groups, substituted or unsubstituted C,-C,, alkylsilyl
groups, substituted or unsubstituted C.-C,, arylsilyl groups,
cyano groups, nitro groups, hydroxyl groups, and halogen
groups, with the proviso that R, to R, ; each may be option- 40
ally linked to the adjacent substituent to form an alicyclic or

aromatic monocyclic or polycyclic ring whose carbon atoms
may be optionally substituted with one or more heteroatoms

selected from N, S, and O.

According to one embodiment of the present invention,
R, to R, 1n Formula I may be optionally further substituted
with one or more substituents selected from deuterium,
cyano groups, halogen groups, hydroxyl groups, nitro
groups, C,-C,, alkyl groups, C,-C,, halogenated alkyl
groups, C,-C,, alkenyl groups, C,-C,, alkynyl groups,
C;-C,, cycloalkyl groups, C.-C,, aryl groups, C.-C,, ary-
lalkyl groups, C,-C,. heteroaryl groups, C,-C,, alkoxy
groups, C,-C,, alkylamino groups, C,-C,, arylamino
groups, C,-C,, alkylsilyl groups, C;-C,, arylsilyl groups,
and C,-C,, aryloxy groups.

45

50

55

According to a preferred embodiment of the present
invention,

60

may be identical to or different from and may be each 65
independently selected from the following structures C1 to

C15:
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-continued
C10

Cll1

Cl2

C13

ASEWa

Cl4

C15

My,
R.’ :AS

wherein A, to A, are 1dentical to or different from each
other and are each independently N or CR, R and R' are as
defined 1n Formula I, and * indicates a site at which the
corresponding structure 1s bonded to the skeleton of Formula

I.

In Formula I, R, to R,;, may be i1dentical to or different
from each other. More specifically, R, to R,, may be each
independently selected from hydrogen, deuterium, halogens,
hydroxyl groups, cyano groups, nitro groups, substituted or
unsubstituted C,-C,, alkyl groups, substituted or unsubsti-
tuted C;-C,, cycloalkyl groups, substituted or unsubstituted
C,-C,, alkenyl groups, substituted or unsubstituted C,-C,,
alkynyl groups, substituted or unsubstituted C.-C., aryl
groups, substituted or unsubstituted C,-C., heteroaryl
groups, and the following structure Q:
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Q)

wherein * indicates a site at which the structure 1s bonded
to the skeleton of Formula I, L. may be selected from
substituted or unsubstituted C,-C,, alkylene groups, substi-
tuted or unsubstituted C,-C., alkenylene groups, substituted
or unsubstituted C,-C,, alkynylene groups, substituted or
unsubstituted C,-C,, cycloalkylene groups, substituted or
unsubstituted C.-C., arylene groups, substituted or unsub-
stituted C,-C;, heteroarylene groups, substituted or unsub-
stituted C.-C,, arylene groups fused with one or more
substituted or unsubstituted C,-C;, cycloalkyl groups, and
substituted or unsubstituted C,-C,., heteroarylene groups
fused with one or more substituted or unsubstituted C,-C,,
cycloalkyl groups, n 1s an integer from 0 to 2, provided that
when n 1s 2, the two moieties L may be identical to or
different from each other, and Ar, and Ar, may be 1dentical
to or different from each other and may be each indepen-
dently selected from substituted or unsubstituted C,-C,,
alkyl groups, substituted or unsubstituted C;-C,, cycloalkyl
groups, substituted or unsubstituted C.-C., aryl groups, and
substituted or unsubstituted C,-C., heteroaryl groups having
one or more heteroatoms selected from O, N, S, and P, with
the proviso that Ar, and Ar, may be linked to each other or
Ar, and Ar, each may be linked to the adjacent substituent
to form an aliphatic, aromatic, heteroaliphatic or heteroaro-
matic fused ring.

R, and R,, in Formula I may be identical to or diflerent
from each other and are each independently the structure Q.

In the structure Q, the amine group (*—NArl Ar2) includ-
ing Ar, and Ar, may be selected from the following sub-
stituents B1 to B46:

(R);, -
\*-x.
\__/
N/ \
7
—\(R)n
B2
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-continued -continued
Bl3 B18

10

Bl4 15 "
(R)y
"’X/\ R), P
h . /1
AN\ | —
- / \ \ _//N
2 SRR ()
S P— _\ —_—
(R) ;
BI5 3 ,/N \ I~®),

C\N R). B20
\ |_/ </ N\

| \ 35
*/N4<\ />I\(R)H 40 / \

B16

9 45

N \ 50
P A

RH/ A\ /_ 55
Q_;/ qJ A\ />

—
N

B21

B22

65



US 10,316,013 B2

-continued -continued
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-continued
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-continued

( )n

(R)

)

(R)r

(R)r

B40

B41

B42

B43

B44
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15
-continued
B45
(R),

5
10

B46 12

(f‘{)n
20
N
= N ..

l 25

(R)r

In Substituents B1 to B46, R may be selected from °"
hydrogen, deutertum, cyano groups, halogen groups, C,-C
alkyl groups, C,-C,, aryl groups, C.-C, . arylalkyl groups,
C;-C, 4 heteroaryl groups, C,-C,, alkylsilyl groups, C.-C, 4
arylsilyl groups, substituted or unsubstituted C,-C. alkoxy
groups, and substituted or unsubstituted C,.-C,, aryloxy
groups, n 1s an integer from 0 to 12, provided that when n
1s greater than or equal to 2, the groups R may be 1dentical
to or different from each other and each may be fused with
the adjacent substituent to form a ring. 40

35

More specifically, the organic light emitting compound of
Formula I may be selected from compounds represented by
Formulae A and B:
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-continued

(B)
R

RE\‘)\/X\‘)\/R?
A R

Ry—— 7, 7 — /\ / Ar,

’

wherein X, Z,, Z,, and R, to R, ; are as defined 1n Formula
I, Ar, and Ar, may be identical to or different from each
other and may be each independently selected from substi-
tuted or unsubstituted C,-C,, alkyl groups, substituted or
unsubstituted C;-C,, cycloalkyl groups, substituted or
unsubstituted C.-C., aryl groups, and substituted or unsub-
stituted C,-C.,, heteroaryl groups having one or more het-
croatoms selected from O, N, S, and P, R, , and R, ; have the
same meanings as R, to R, ; defined 1n Formula I, and n and
m are each imdependently an integer from 1 to 8, provided
that when n 1s greater than or equal to 2, the groups R, are
identical to or different from each other and when m 1s
greater than or equal to 2, the groups R, < are 1dentical to or
different from each other.

The aryl groups used as substituents 1n the compound of
the present mmvention are organic radicals derived from
aromatic hydrocarbons by removal of one hydrogen atom.
Such aryl groups include 5- to 7-membered, preferably 5- or
6-membered single or fused ring systems. When substituted,
cach aryl group may be optionally fused with the adjacent
substituent to form a ring.

Specific examples of the aryl groups include aromatic
groups, such as phenyl, 2-methylphenyl, 3-methylphenyl,
4-methylphenyl, 4-ethylphenyl, o-biphenyl, m-biphenyl,
p-biphenyl, 4-methylbiphenyl, 4-ethylbiphenyl, o-terphenyl,
m-terphenyl, p-terphenyl, 1-naphthyl, 2-naphthyl, 1-meth-
ylnaphthyl, 2-methylnaphthyl, anthryl, phenanthryl, pyre-
nyl, indenyl, fluorenyl, tetrahydronaphthyl, perylenyl,
crycenyl, naphthacenyl, and fluoranthenyl groups.

At least one hydrogen atom of each aryl group may be
substituted with a deuterrum atom, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, a silyl group,
an amino group (—NH,, —NH(R), —N(R")(R") 1n which R,
R'and R" are each independently a C,-C,, alkyl group (the
—NH(R) and —N(R")}(R") are referred to as “alkylamino
groups’’), an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group, a sulfonic acid group, a phosphoric
acid group, a C,-C,, alkyl group, a C,-C,, halogenated alkyl
group, a C,-C,, alkenyl group, a C,-C,, alkynyl group, a
C1-C24 heteroalkyl group, a C,-C,, aryl group, a C,-C,,
arylalkyl group, a C,-C,, heteroaryl group or a C,-C,,
heteroarylalkyl group.

The heteroaryl groups used as substituents in the com-
pound of the present invention may be selected from the
following structures 1 to 6:
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(1)

(2)

(3)

(4)

(5)

(6)

wherein T, to T may be 1dentical to or different from each

other and may be
C(R42)(Ry3), N,

cach mdependently selected from C(R,, ),
N(R,,), O, and S, R;; to R,, may be

1dentical to or di

‘erent from each other and may be each

independently se

ected from hydrogen, deuterium substi-

tuted or unsubstituted C,-C;, alkyl groups, substituted or

unsubstituted C,

-C,, cycloalkyl groups, substituted or

unsubstituted C.-C;, aryl groups, and substituted or unsub-
stituted C,-C,, heteroaryl groups having one or more het-
eroatoms selected from O, N, and S, with the proviso that

one of R;, to R,

may be bonded to the nitrogen 1n Formula

I to form a single bond.
Due to resonance resulting from the migration of elec-

trons, Structure 3
structure 3-1:

may also be represented by the following

(3-1)

T
T ;’f* — 1\
/"
\ — T
R33 3
R34

wherein T, to T and R4, to R4, are as defined in Structure

3.
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According to

18

a preferred embodiment of the present

invention, Structures 1 to 6 may be selected from the
following structures 7/:

(7)

. . N\N/N
H H 8 0
lem /I}J__T}..--Xm N\ X, C\_\_._______Xm
{345 (5 (3
H H
N N—N N
| X% 0 X o X
(O) N\O/N QO) N\O
] EI{--*X /I)J_-T{—fxm N A-X,
N\O N\O N,\O _N N\S P
// N X, N_\L,Xm / _}..;;-""Xm N_LXW
N\O) 43) N { S)
N N N—N N
I L x, //7.11—-——% [ A-Xn _\)ﬁ..x
N\S) N\S) "N : N
H
N Z AN
(T, m\;mexm
AN =N P
N
Y. (Y
\
N H N
</N\“/ \ ) N\I/, \l )
S N
), X,
NM NH/#I\N/
Ko - Xn
Nf)\N// N#)\/N
(\N/\N (\N/N\
| | X l X
NH/#I\/ NN
[N N
N#/JI\N',‘-—""N E/J\/
{\N-—/N\ / N/"N\
| 5 I X
N")\/N N’;I\N/
V.
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19

-continued

/N N\/
/ X
DXy AN
/\ \ A J : A
‘ N \N/j\/l
N
X
= NF | = NF |
X, X
NG N%N)\)
‘/N\/\ ‘/N\ I
X, — X
\N/\/ \NNN
- A N
N N
‘/ \/\ ‘/ \/\
X, X
\N/)\N/ \/\N/
T/ 7 L (\/\\Tﬁ N
N N N\/\/
N/\/\I;J N KN\/\ .
K/\/ N\/\ I
N < Xom
‘/\( \/\ N ﬁ/\/\
N NS ‘)\ NS
P
/\”/\Xm /\I/\Xm
SO (%.‘ NP~
‘\/N A
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20

-continued

\ /) L/
\LN/ /N’J \ N/ /N“J

wherein X 1s selected from the group consisting of
hydrogen, deuterium, substituted or unsubstituted C,-C;,
alkyl groups, substituted or unsubstituted C.-C,, aryl
groups, substituted or unsubstituted C,-C,, alkenyl groups,
substituted or unsubstituted C,-C,, alkynyl groups, substi-
tuted or unsubstituted C,-C,, cycloalkyl groups, substituted
or unsubstituted C.-C,, cycloalkenyl groups, substituted or
unsubstituted alkoxy groups, substituted or unsubstituted
C4-C,, aryloxy groups, substituted or unsubstituted C,-C,,
alkylthioxy groups, substituted or unsubstituted C.-C,, aryl-
thioxy groups, substituted or unsubstituted C,-C,, alkylam-
ine groups, substituted or unsubstituted C.-C., aryl groups,
substituted or unsubstituted C,-C,, heteroaryl groups having
one or more heteroatoms selected from O, N, S, and P, cvano
groups, nitro groups, and halogen groups, m 1s an 1nteger
from 1 to 11, provided that when m 1s greater than or equal
to 2, the groups X are identical to or different from each
other and one of the groups X may be linked to one of R,
to R,,, Z,, Z, and their substituents 1n Formula I to form a
single bond.

Specific examples of the alkyl groups as substituents
suitable for use 1n the compound of the present invention
include methyl, ethyl, propyl, 1sobutyl, sec-butyl, tert-butyl,
pentyl, 1so-amyl, hexyl, heptyl, octyl, stearyl, trichlorom-
cthyl, and trfluoromethyl groups. At least one hydrogen
atom of each alkyl group may be substituted with a deute-
rium atom, a halogen atom, a hydroxyl group, a nitro group,
a cyano group, a trifluoromethyl group, a silyl group (herein
referred to as an “alkylsilyl group”), a substituted or unsub-
stituted amino group (—NH,, —NH(R) or —N(R")(R"), 1n
which R, R', and R" are each independently a C,-C,, alkyl
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group (the —NH(R) and —N(R")(R") are referred to as
“alkylamino groups™), an amidino group, a hydrazine group,
a hydrazone group, a carboxyl group, a sulfonic acid group,
a phosphoric acid group, a C,-C,, alkyl group, a C,-C,,
halogenated alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C,-C,, heteroalkyl group, a C.-C,, aryl
group, a C.-C,, arylalkyl group, a C,-C,, heteroaryl group
or a C,;-C,, heteroarylalkyl group.

Specific examples of the alkoxy groups as substituents
suitable for use in the compound of the present invention
include methoxy, ethoxy, propoxy, isobutyloxy, sec-buty-
loxy, pentyloxy, 1so-amyloxy, and hexyloxy groups. The
alkoxy groups may be substituted with the same substituents
as 1n the alkyl groups.

Specific examples of the halogen groups as substituents
suitable for use 1n the compound of the present invention
include fluoro (F), chloro (Cl), and bromo (Br) groups.

The aryloxy groups used as substituents 1n the compound
of the present invention refer to —O-aryl radicals 1n which
the aryl group 1s as defined above. Specific examples of the
aryloxy groups include phenoxy, naphthoxy, anthraceny-
loxy, phenanthrenyloxy, fluorenyloxy, and indenyloxy. At
least one hydrogen atom of each aryloxy group may be
substituted.

Specific examples of the silyl groups as substituents
suitable for use 1n the compound of the present invention
include  trimethylsilyl,  triethylsilyl,  triphenylsilyl,
trimethoxysilyl, dimethoxyphenylsilyl, diphenylmethyl
s1lyl, diphenylvinylsilyl, methylcyclobutylsilyl, and dimeth-
ylturylsilyl.

The alkenyl groups used as substituents 1n the compound
of the present mvention are straight or branched alkenyl

Compound 1

Compound 3
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groups, and specific examples thereof include 3-pentenyl,
4-hexenyl, 5-heptenyl, 4-methyl-3-pentenyl, 2.4-dimethyl-
pentenyl, 6-methyl-5-heptenyl, and 2,6-dimethyl-5-heptenyl
groups.

The term “substituted” 1n the definition of “substituted or
unsubstituted” used herein refers to substitution with at least
one substituent selected from the group consisting of deu-
terium, cyano groups, halogen groups, hydroxyl groups,

nitro groups, C,-C,, alkyl groups, C,-C,, halogenated alkyl

groups, C,-C,, alkenyl groups, C,-C,, alkynyl groups,
C,-C,, heteroalkyl groups, C.-C,, aryl groups, C.-C,, ary-
lalkyl groups, C,-C,, heteroaryl groups, C,-C,, heteroary-
lalkyl groups, C,-C,, alkoxy groups, C,-C,, alkylamino

groups, C,-C,, arylamino groups, C,-C,, heteroarylamino
groups, C,-C,, alkylsilyl groups, C,-C,, arylsilyl groups,
C,-C,, aryloxy groups, germanium, phosphorus, and boron.

In the “substituted or unsubstituted C,-C,, alkyl groups”,
“substituted or unsubstituted C.-C., aryl groups™, etc., the
number of carbon atoms 1n each substituted or unsubstituted
alkyl or aryl group indicates the number of carbon atoms
constituting the unsubstituted alkyl or aryl moiety without
considering the number of carbon atoms 1n the
substituent(s). For example, a phenyl group substituted with
a butyl group at the para-position corresponds to a C, aryl
group substituted with a C, butyl group.

According to preferred embodiments of the present inven-
tion, the organic light emitting compound of Formula I may
be selected from the following compounds 1 to 60:

Compound 2

Compound 4
7 ‘ /\‘
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-continued

Compound 58

“

?
;

PN

{
<

The present invention also provides an organmic light
emitting device including a first electrode, a second elec-
trode opposite the first electrode, and an organic layer
interposed between the first and second electrodes wherein
the organic layer includes the compound represented by
Formula 1.

The organic layer including the organic light emitting
compound of Formula I may include at least one layer
selected from a hole imjecting layer, a hole transport layer, a
functional layer having functions of both hole mjection and
hole transport, a light emitting layer, an electron transport
layer, and an electron injecting layer. The organic layer
interposed between the first and second electrodes may
include a light emitting layer. The light emitting layer may
be composed of a host and a dopant. The orgamic light
emitting compound of Formula I may be used as the host or
dopant of the light emitting layer.

According to one embodiment of the present invention,
the organic light emitting compound of Formula I may be
used as the dopant. In this embodiment, the content of the
organic light emitting compound of Formula I as the dopant
in the light emitting layer 1s typically selected 1n the range
of about 0.01 to about 20 parts by weight, based on 100 parts
by weight the host.

The material for the electron transport layer functions to
stably transport electrons injected from the electron injecting
clectrode (1.e. the cathode). The material for the electron
transport layer may be any known electron transport mate-
rial, and examples thereof include, but are not limited to,
quinoline derivatives, particularly, tris(8-quinolinolate)alu-
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Compound 60

minum (Alg3), TAZ, Balqg, berylllum bis(benzoquinolin-10-
olate (Bebg2), ADN, Compound 201, and Compound 202,
and oxadiazole derivatives, such as PBD, BMD, and BND.

TAZ

BAlg
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Hereinaftter, the organic light emitting device of the pres-
ent mnvention will be explained with reference to the FIG-
URE.

The FIGURE 1s a cross-sectional view schematically
illustrating the structure of the organic light emitting device
according to the present invention. The organic light emat-
ting device of the present invention includes an anode 20, a
hole transport layer 40, an organic light emitting layer 50, an
electron transport layer 60, and a cathode 80. If necessary,
the organic light emitting device may further include a hole
injecting layer 30 and an electron injecting layer 70. In
addition to these layers, one or more intermediate layers may
be further formed 1n the organic light emitting device. A hole
blocking layer or an electron blocking layer may be further
formed 1n the organic light emitting device.

Referring to the FIGURE, a detailed description 1s given
of a method for fabricating the organic light emitting device
of the present invention.

First, an electrode material for the anode 20 1s coated on
a substrate 10 to form the anode 20. The substrate 10 may
be any of those used 1n general organic electroluminescent
(EL) devices. The substrate 10 1s preferably an organic
substrate or a transparent plastic substrate that 1s excellent 1n
transparency, surface smoothness, ease of handling, and
waterprooiness. A highly transparent and conductive metal
oxide, such as indium tin oxide (ITO), indium zinc oxide
(1Z0), tin oxide (SnQO,) or zinc oxide (ZnO), 1s used as the
anode material.

A material for the hole injecting layer 20 1s coated on the
anode 20 by vacuum thermal evaporation or spin coating to
form the hole injecting layer 30. Then, a material for the hole
transport layer 40 1s coated on the hole injecting layer 30 by
vacuum thermal evaporation or spin coating to form the hole
transport layer 40.

The material for the hole injecting layer 1s not specially
limited so long as 1t 1s commonly used in the art. Example
of such materials i1nclude 4,4'.4"-tris(2-naphthyl(phenyl)
amino)triphenylamine (2-TNATA), N,N'-di(1-naphthyl)-N,
N'-diphenylbenzidine (NPD), N,N'-diphenyl-N,N'-bis(3-
methylphenyl)-1,1"-biphenyl-4,4'-diamine (TPD), and N,N'-
diphenyl-N,N'-bis[4-(phenyl-m-tolylamino ))phenyl]
biphenyl-4,4'-diamine (DNTPD).

The material for the hole transport layer 1s not specially
limited so long as 1t 1s commonly used in the art. Example
of such materials include N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD) and N,N'-di
(naphthalen-1-y1)-N,N'-diphenylbenzidine (a-NPD).

Subsequently, the organic light emitting layer 50 1s lami-
nated on the hole transport layer 40. A hole blocking layer
(not shown) may be optionally formed on the organic light
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emitting layer 50 by vacuum thermal evaporation or spin
coating. The hole blocking layer blocks holes from entering
the cathode through the organic light emitting layer. This
role of the hole blocking layer prevents the life and efli-
ciency of the device from deteriorating. A material having a
very low highest occupied molecular orbital (HOMO)
energy level 1s used for the hole blocking layer. The hole
blocking matenal 1s not particularly limited so long as it has
the ability to transport electrons and a higher iomization
potential than the light emitting compound. Representative
examples of suitable hole blocking materials include BAlq,

BCP, and TPBI.

The electron transport layer 60 1s deposited on the hole
blocking layer by vacuum thermal evaporation or spin
coating, and the electron injecting layer 70 1s formed
thereon. A metal for the cathode 1s deposited on the electron
ijecting layer 70 by vacuum thermal evaporation to form
the cathode 80, completing the fabrication of the organic EL
device. As the metal for the cathode, there may be used, for
example, lithium (L1), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—L1), calcium (Ca), magnesium-in-
dium (Mg—In) or magnesium-silver (Mg—Ag). The
organic EL device may be of top emission type. In this case,
a transmissive material, such as I'TO or IZ0, may be used for
the cathode.

One or more layers selected from the hole injecting layer,
the hole transport layer, the electron blocking layer, the light
emitting layer, the hole blocking layer, the electron transport
layer, and the electron imjecting layer may be formed by a
monomolecular deposition or solution process. According to
the monomolecular deposition process, the material for each
layer 1s evaporated under heat and vacuum or reduced
pressure to form the layer in the form of a thin film.
According to the solution process, the maternial for each layer
1s mixed with a suitable solvent, and then the mixture i1s
formed 1nto a thin film by a suitable method, such as ink-jet
printing, roll-to-roll coating, screen printing, spray coating,
dip coating or spin coating.

The organic light emitting device of the present invention
can be used i a variety of systems, such as flat panel
displays, flexible displays, monochromatic flat panel light-
ing systems, white flat panel lighting systems, flexible
monochromatic lighting systems, and flexible white lighting
systems.

The present mvention will be explained 1mn more detail
with reference to the following examples. However, 1t will
be obvious to those skilled 1n the art that these examples are
provided for illustrative purposes and are not intended to
limit the scope of the mvention.

Synthesis Example 1: Synthesis of Compound 1

[Reaction 1-1] Synthesis of Intermediate 1-a
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-continued
Br

/ \
\_/

\_/

Intermediate 1-a

1-Naphthaleneboronic acid (12.5 g, 0.073 mol), 1-bromo-
2-10dobenzene (17.3 g, 0.061 mol), tetrakis(triphenylphos-
phine)palladium (3.62 g, 0.003 mol), and potasstum carbon-
ate (16.9 g, 0.122 mol) were added to a mixed solvent of 150
ml. of 1,4-dioxane, 150 ml of toluene, and 60 ml. of
distilled water. The mixture was refluxed for 12 h. The
reaction mixture was allowed to cool to room temperature
and extracted with ethyl acetate. Punification by column
chromatography aflorded 14.7 g (yield 85%) of Intermediate

1-a.

|[Reaction 1-2] Synthesis of Intermediate 1-b

Br

/ \

\

Intermediate 1-b

Intermediate 1-a (3.5 g, 12.2 mmol) was added to 50 mL
of tetrahydrofuran and n-butyllithium (5.8 mL, 14.6 mmol)
was added dropwise thereto at —78° C. The mixture was
stirred for about 1 h. To the mixture was slowly added
dropwise a solution of 9-xanthone (2.1 g, 10.8 mmol) 1n 10
mL of tetrahydrofuran at the same temperature. The result-
ing mixture was stirred for 2 h. Stirring was continued at
room temperature for 12 h. The reaction mixture was
extracted with ethyl acetate and recrystallized from diethyl
cther, aflording 3.2 g (vield 75%) of Intermediate 1-b.
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[Reaction 1-3] Synthesis of Intermediate 1-c

g

O3

Intermediate 1-¢

Intermediate 1-b (26.5 g, 66.3 mmol) was added to 300
mL. of acetic acid. The mixture was heated to 80° C., and
then 1-2 drops of an aqueous solution of hydrochloric acid
was added thereto. The resulting mixture was refluxed for
about 2 h. After cooling to room temperature, filtration of the
reaction mixture afforded 22.8 g (yield 90%) of Intermediate
1-c.

[Reaction 1-4] Synthesis of Intermediate 1-d

NN X

/‘ ‘\
) PPN
/

Intermediate 1-d

Intermediate 1-¢ (21 g, 0.035 mol) was added to 250 mL

of dimethylformamide. The mixture was stirred at 0° C. To
the mixture was added dropwise a solution of N-bromosuc-
cinmmide (21.5 g, 0.121 mol) 1n 70 mL of dimethylforma-
mide. The resulting mixture was stirred for 6 h. The reaction
mixture was precipitated in distilled water, filtered, and
washed with hexane. The crude product was dissolved in
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dichloromethane, heated, treated with acid clay and acti-
vated carbon, washed with dichloromethane, and recrystal-
lized from hexane, aflording 17.8 g (vield 60%) of Inter-
mediate 1-d.

|[Reaction 1-5] Synthesis of Compound 1

73
9

Compound 1

e

e

The procedure of Reaction 1-1 was repeated except that
2-naphthaleneboronic acid was used instead of 1-naphtha-
leneboronic acid and Intermediate 1-d synthesized in Reac-
tion 1-4 was used 1nstead of 1-bromo-2-iodobenzene. As a
result, Compound 1 was prepared 1n a yield of 64%.

Synthesis Example 2: Synthesis of Compound 7

Compound 7 (vield 66%) was prepared in the same
manner as in Synthesis Example 1, except that 9-phenan-
threneboronic acid and 2-bromo-1-iodonaphthalene were
used instead of 1-naphthaleneboronic acid and 1-bromo-2-
1odobenzene i Reaction 1-1, respectively, and 1-naphtha-
leneboronic acid was used instead of 2-naphthaleneboronic
acid in Reaction 1-3.

Synthesis Example 3: Synthesis of Compound 14

[Reaction 3-1] Synthesis of Intermediate 3-a

Intermediate 3-a (yield 88%) was prepared in the same
manner as i Reactions 1-1 to 1-3, except that quinoline-5-
boronic acid was used 1nstead of 1-naphthaleneboronic acid
and 2.,4-dibromo-1-iodobenzene was used instead of
1-bromo-2-1odobenzene in Reaction 1-1.

[Reaction 3-2] Synthesis of Compound 14

The procedure of Reaction 1-1 was repeated except that
2-naphthaleneboronic acid was used instead of 1-naphtha-
leneboronic acid and Intermediate 3-a synthesized in Reac-
tion 3-1 was used 1nstead of 1-bromo-2-iodobenzene. As a
result, Compound 14 was prepared 1n a yield of 70%.

Synthesis Example 4: Synthesis of Compound 19

Compound 19 (vield 62%) was prepared in the same
manner as 1 Synthesis Example 1, except that 9-phenan-
threneboronic acid was used instead of 1-naphthalenebo-
ronic acid in Reaction 1-1, 10-thioxanthone was used
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instead of 9-xanthone in Reaction 1-2, and 1-naphthalen-
eboronic acid was used nstead of 2-naphthaleneboronic acid

in Reaction 1-5.

Synthesis Example 5: Synthesis of Compound 22

[Reaction 5-1] Synthesis of Intermediate 5-a

D
H
~NX N N\‘/\
. as / NF
D O
D
D D
D D
\ N
F
)

Intermediate 5-a

Pentadeuterochlorobenzene (11.7 g, 0.1 mol), 9-acridone
(19.5 g, 0.1 mol), palladium acetate (0.08 g, 0.32 mmol),
2,2'-bis(diphenylphosphino)-1-1'-bmaphthyl (0.26 g, 0.42

mmol), and sodium tert-butoxide (135.2 g, 0.16 mol) were

added to 200 mL of toluene. The mixture was retfluxed for

12 h. The reaction mixture was allowed to cool to room

temperature, washed with methanol, and recrystallized from

dichloromethane and methanol, affording 20.7 g (yield 75%)

of Intermediate 5-a.

[Reaction 3-2] Synthesis of Compound 22

Compound 22 (vield 62%) was prepared in the same
manner as 1 Synthesis Example 1, except that Intermediate
S-a synthesized 1n Reaction 5-1 was used instead of 9-xan-
thone 1n Reaction 1-2.

Synthesis Example 6: Synthesis of Compound 26

The procedure of Reaction 3-1 was repeated except that
Intermediate 1-d synthesized 1n Reaction 1-4 was used
instead ol pentadeuterochlorobenzene and diphenylamine
was used instead of 9-acridone. As a result, Compound 26
was prepared 1n a yield of 65%.
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Synthesis Example 7: Synthesis of Compound 30

[Reaction 7-1] Synthesis of Intermediate 7-a

~1

TMS

~
X

e

NH,

‘/\ ‘ A
\K F
Cl NG

N N

Intermediate 7-a

The procedure of Reaction 3-1 was repeated except that
(4-chlorophenyl)trimethylsilane was used 1nstead of penta-
deuterochlorobenzene and 4-amino-tert-butylbenzene was
used 1nstead of 9-acridone. As a result, Intermediate 7-a was
prepared 1n a yield of 75%.

[Reaction 7-2] Synthesis of Compound 30

The procedure of Reaction 3-1 was repeated except that
Intermediate 1-d synthesized in Reaction 1-4 was used
instead of pentadeuterochlorobenzene and Intermediate 7-a
synthesized in Reaction 7-1 was used instead of 9-acridone.
As a result, Compound 30 was prepared 1n a yield of 62%.

Synthesis Example 8: Synthesis of Compound 35

[Reaction 8-1] Synthesis of Intermediate 8-a

Intermediate 8-a (yvield 38%) was prepared in the same
manner as 1n Reactions 1-1 to 1-4, except that 10-thioxan-

thone was used instead of 9-xanthone 1n Reaction 1-2.
[Reaction 8-2] Synthesis of Intermediate 8-b

The procedure of Reaction 3-1 was repeated except that
(4-chlorophenyl)trimethylsilane was used 1nstead of penta-
deuterochlorobenzene and 2-amino-5-methylpyridine was
used 1nstead of 9-acridone. As a result, Intermediate 8-b was

prepared 1n a yield of 73%.
[Reaction 8-3] Synthesis of Compound 35

The procedure of Reaction 5-1 was repeated except that
Intermediate 8-a synthesized in Reaction 8-1 was used
instead ol pentadeuterochlorobenzene and Intermediate 8-b
synthesized in Reaction 8-2 was used instead of 9-acridone.
As a result, Compound 35 was prepared 1n a yield of 64%.

Synthesis Example 9: Synthesis of Compound 38

|[Reaction 9-1] Synthesis of Intermediate 9-a

The procedure of Reaction 5-1 was repeated except that
4-bromodibenzofuran was used 1nstead of pentadeuterochlo-
robenzene and 1-amino-4-methylbenzene was used instead
of 9-acridone. As a result, Intermediate 9-a was prepared 1n

a yield of 72%.
[Reaction 9-2] Synthesis of Compound 38

The procedure of Reaction 3-1 was repeated except that
Intermediate 1-d synthesized in Reaction 1-4 was used
instead of pentadeuterochlorobenzene and Intermediate 9-a
synthesized in Reaction 9-1 was used instead of 9-acridone.
As a result, Compound 38 was prepared in a yield of 60%.
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Synthesis Example 10: Synthesis of Compound 42

[Reaction 10-1] Synthesis of Intermediate 10-a

The procedure of Reaction 3-1 was repeated except that
4-chlorophenylboronic acid was used 1nstead of pentadeu-
terochlorobenzene and diphenylamine was used instead of
9-acridone. As a result, Intermediate 10-a was prepared 1n a
yield of 75%.

[Reaction 10-2] Synthesis of Compound 42

The procedure of Reaction 1-1 was repeated except that
Intermediate 10-a synthesized in Reaction 10-1 was used
instead of 1-naphthaleneboronic acid and Intermediate 8-a
synthesized 1n Reaction 8-1 was used instead of 1-bromo-
2-10dobenzene. As a result, Compound 42 was prepared 1n

a yield of 65%.

Synthesis Example 11: Synthesis of Compound 44

[Reaction 11-1] Synthesis of Intermediate 11-a

The procedure of Reaction 3-1 was repeated except that
chlorobenzene was used instead of pentadeuterochloroben-
zene. As a result, Intermediate 11-a was prepared 1n a yield
of 77%.

[Reaction 11-2] Synthesis of Intermediate 11-b

Intermediate 11-b (yield 58%) was prepared 1n the same
manner as 1n Reactions 1-1 to 1-4, except that 9-phenan-
threneboronic acid was used instead of 1-naphthalenebo-
ronic acid in Reaction 1-1 and Intermediate 11-a synthesized
in Reaction 11-1 was used instead of 9-xanthone in Reaction
1-2.

[Reaction 11-3] Synthesis of Intermediate 11-c

Intermediate 11-¢

Phenylhydrazine (44.3 g, 0.41 mol) was added to 170 mL
ol acetic acid. The mixture was heated to 60° C. To the
mixture was slowly added dropwise 2-methylcyclohexanone
(45.9 g, 0.41 mol). The resulting mixture was refluxed for 8
h. After completion of the reaction, to the reaction mixture
was added 100 mL of distilled water. The mixture was
basified with sodium hydroxide and extracted with ethyl
acetate. Purification by column chromatography aflorded

63.8 g (yield 84%) of Intermediate 11-c.
[Reaction 11-4] Synthesis of Intermediate 11-d

-

Intermediate 11-d
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Intermediate 11-c (37 g, 0.2 mol) was dissolved 1n 400
mL of toluene. The solution was cooled to —=10° C., and 188
mlL of 1.6 M methyllithium was added dropwise thereto.
After 3 h stirring, the reaction mixture was extracted with
cthyl acetate. Purification by column chromatography
alforded 30.6 g (yield 76%) of Intermediate 11-d.

[Reaction 11-5] Synthesis of Compound 44

The procedure of Reaction 5-1 was repeated except that
Intermediate 11-b synthesized 1n Reaction 11-2 was used
instead of pentadeuterochlorobenzene and Intermediate 11-d
synthesized 1n Reaction 11-4 was used 1nstead of 9-acridone.
As a result, Compound 44 was prepared 1n a yield of 62%.

Synthesis Example 12: Synthesis of Compound 52

[Reaction 12-1] Synthesis of Intermediate 12-a

Br /\
N ~ . | .
F
P P Y
B(OH),
‘ AN
Z
‘/\/\ N
A A%

Intermediate 12-a

9-Bromoanthracene (15.0 g, 58 mmol), tetrakis(triphenyl-
phosphine)palladium (2.02 g, 0.18 mmol), phenylboronic
acid (8.5 g, 70 mol), and potassium carbonate (16.13 g,
116.7 mmol) were added to a reactor, and 75 mL of toluene,
75 mL of tetrahydrofuran, and 30 mL of water were added
thereto. The temperature of the reactor was raised to 90° C.
The mixture was stirred overnight. After completion of the
reaction, the temperature of the reactor was reduced to room
temperature. The reaction mixture was extracted with ethyl
acetate. The extract was purified by column chromatogra-
phy, affording 11.0 g (vield 74%) of Intermediate 12-a.

[Reaction 12-2] Synthesis of Intermediate 12-b

)

\ / \ 7/

\_/

)

\ / \ 7/

\
~

X
F

‘

R
N

\ /

Br
Intermediate 12-b

Intermediate 12-a (11.0 g, 43 mmol) was dissolved in 110
mL of N ,N-dimethyliformamide. To the solution was slowly

added N-bromosuccinimide (8.5 g, 48 mmol). The mixture
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was stirred at room temperature. To the reaction solution
was slowly added 100 mL of distilled water. The resulting
mixture was stirred for about 1 h. The obtained solid was

collected by filtration. The solid was sufliciently washed

with distilled water and recrystallized from n-hexane,
affording 12.0 g (yield 83%) of Intermediate 12-b.

[Reaction 12-3] Synthesis of Intermediate 12-c

9 9
/ A
‘ N ﬁ‘/\/\ N
e avs \/Y A
Br B(OH),

Intermediate 12-¢

Intermediate 12-b (12.0 g, 36 mmol) was dissolved 1n 100
ml of tetrahydrofuran. After cooling to -78° C. under a

nitrogen atmosphere, n-butyllithium (24.76 mL, 40 mmol)
was slowly added dropwise for 30 min. The mixture was

stirred at the same temperature for 1 h. To the mixture was

added dropwise trimethyl borate (4.5 g, 43 mmol) at the

same temperature. The resulting mixture was stirred at room
temperature overnight. The reaction solution was acidified
by dropwise addition of 2 N hydrochloric acid. After 1 h

stirring, the mixture was extracted with ethyl acetate and

recrystallized from hexane, affording 7.5 g (vield 69%) of

Intermediate 12-c.

[Reaction 12-4] Synthesis of Intermediate 12-d
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-continued
NN
S P
s~ \ ] N

Intermediate 12-d

The procedure of Reaction 12-2 was repeated except that
Intermediate 1-c¢ was used instead of Intermediate 12-a. As

a result, Intermediate 12-d was prepared 1n a yield of 50%.

|[Reaction 12-5] Synthesis of Compound 52

The procedure of Reaction 1-1 was repeated except that
Intermediate 12-c¢ synthesized in Reaction 12-3 was used
instead of 1-naphthaleneboronic acid and Intermediate 12-d
synthesized 1n Reaction 12-4 was used instead of 1-bromo-

2-10dobenzene. As a result, Compound 52 was prepared 1n
a yield of 52%.

Synthesis Example 13: Synthesis of Compound 53

[Reaction 13-1] Synthesis of Intermediate 13-a

Intermediate 13-a (yield 89%) was prepared 1in the same
manner as in Reactions 1-1 to 1-3, except that 9-phenan-
threneboronic acid was used instead of 1-naphthalenebo-

ronic acid in Reaction 1-1.

[Reaction 13-2] Synthesis of Compound 53

Compound 33 (vield 350%) was prepared in the same

manner as 1n Synthesis Example 12, except that Intermedi-
ate 13-a synthesized 1n Reaction 13-1 was used instead of

Intermediate 1-¢ in Reaction 12-4.

Examples 1-11: Fabrication of Organic Light
Emitting Diodes

I'TO glass was patterned to have a light emitting area of
2 mmx2 mm, followed by cleaning. After the cleaned I'TO
glass was mounted 1n a vacuum chamber, the base pressure
was adjusted to 1x107° torr. DNTPD (700 A), o.-NPD (300
A), BH1 as a host, and 3 wt % of each of the compounds
prepared 1n Synthesis

Examples 1-11 as a dopant were

sequentially co-deposited on the ITO to form a light emitting
layer. Thereafter, an Alq, layer (350 A), a LiF layer (5 A),
and an Al layer (1,000 A) were formed in this order on the
light emitting layer to fabricate an organic light emitting
diode. The luminescent properties of the organic light emiat-
ting diode were measured at 0.4 mA.
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[a-NPD]

[Alqgs]

[DNTPD]

60

Comparative

Hxamples 1-2

Organic light emitting devices were fabricated 1n the same
manner as in Examples 1-11, except that Compound 101

(Comparative Example 1) and

Compound 102 (Comparative 65

Example 2) were used as dopants instead of the compounds
prepared in Synthesis Examples 1-11.

NIV

N7\ >

/ \_(
_/

/
\
/

(

[BH1]

52
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Examples 12-13: Fabrication of Organic Light
Compound 101 Emitting Diodes
I'TO glass was patterned to have a light emitting area of
o . ‘ < \> i 2 mmx2 mm, followed by cleaning. After the cleaned ITO
\ / - glass was mounted 1n a vacuum chamber, the base pressure
_\ / was adjusted to 1x107° torr. A DNTPD layer (700 A) and an
N \ / \ N . a-NPD layer (300 A) were sequentially formed on the ITO

glass, and a mixture of each of Compounds 52 and 53 as a

7\

— host and BD1 (3%) as a dopant was deposited to a thickness
< /> — of 250 A thereon to form a light emitting layer. Thereafter,

an Alq, layer (350 A), a LiF layer (5 A), and an Al layer
15 (1,000 A) were formed in this order on the light emitting
layer to fabricate an organic light emitting device. The

Compound 102 luminescent properties of the organic light emitting device
e were measured at 0.4 mA. The structure of BDI1 1s as
‘ 20 follows:
N AN
| 25 NC
‘ N
N
~ ‘\ >0 CN
N
/l\ BD1
‘ 35
Comparative Examples 3-4
40  Organic light emitting devices were fabricated 1n the same
The organic light emitting devices fabricated in Examples manner as in Example 12, except that Compounds 103
1-11 and Comparative Examples 1-2 were measured for (Comparative Example 3) and 104 (Comparative Example
voltage, luminance, quantum efliciency, and color coordi- 4) were used as mnstead of Compound 352. The structures of
nates. The results are shown 1n Table 1. Compounds 103 and 140 are as follows:
TABLE 1
Example Voltage Luminance Quantum
No. Host Dopant (V) (Cd/m?) efficiency CIE x CIE vy
Example 1 BH1 Compound 1 3.8 770 8.2 0.14 0.11
Example 2 BH1 Compound 7 3.9 771 8.0 0.14 0.11
Example 3 BH1 <Compound 14 3.8 785 7.9 0.14 0.12
Example 4 BH1 Compound 19 3.8 784 8.1 0.14 0.11
Example 3 BH1 Compound 22 3.8 780 8.1 0.14 0.11
Example 6 BH1 Compound 26 3.8 769 8.0 0.14 0.12
Example 7 BH1 Compound 30 3.8 762 8.2 0.14 0.11
Example 8  BH1 Compound 35 3.8 772 8.3 0.14 0.1
Example @ BH1 Compound 38 3.8 798 7.9 0.14 0.11
Example 10 BH1 Compound 42 3.8 769 7.9 0.14 0.11
Example 11 BH1 Compound 44 3.9 7T 8.1 0.14 0.11
Comparative BH1 Compound 101 3.7 750 6.0 0.14 0.13
Example 1
Comparative BH1 Compound 102 4.3 515 5.1 0.15 0.17

Example 2
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Compound 104
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The organic light emitting devices fabricated in Examples

12-13 and Comparative
voltage, luminance, quantum e

Hxamples 3-4 were measured for

e

iciency, and color coordi-

nates. The results are shown 1n Table 2.

TABLE 2
Voltage Luminance Quantum
Example No. Host Dopant (V) (Cd/m?)
Example 12 Compound 52 BDI1 3.8 759 8.2
Example 13 Compound 53 BDIl 3.8 765 8.0
Comparative Compound 103 BDI1 4.3 550 3.5
Example 3
Comparative Compound 104 BDI1 4.3 520 5.1
Example 4
As can be seen from the results in Tables 1 and 2, the ©Y
organic light emitting devices of Examples 1-13, which were
tabricated using the novel inventive compounds, were
driven at low voltages and showed high luminance and
65

el
Examples 1-4.

iciency values compared to those of Comparative

10

15

20

25

30

35

40

0.1
0.1
0.1

56

What 1s claimed 1s:

1. An organic light emitting compound represented by

Formula I:
(1)
R Rg
R X )\ R
2 X \‘ X 7
R, Z Y\Rﬁ
R4 Rs
Ro—r Z; . Zy Ry
wherein:

X 18 O, S or S1R,,R 5,

erent from each other and

R, to R, are identical to or dif

are cach independently selected from hydrogen, su
stituted or unsubstituted C,-C, , alkyl groups, and su

stituted or unsubstituted C-

R, to R, are identical to or dif

e

j_
C,, aryl groups,

‘erent from each other and

are each independently selected from substituted or
unsubstituted C,.-C,, aryl groups, substituted or unsub-
stituted C,-C,, arylamine groups, and substituted or
unsubstituted C,-C,, heteroaryl groups having one or
more heteroatoms selected from O, N, S, and P,

R, , to R, ; are identical to or dit

‘erent from each other and

are each independently selected from substituted or
unsubstituted C.-C,, aryl groups, and

in Formula I are di:

Terent from and are each independently

selected from the following structures C3 to C9:

efficiency CIEx CIE vy

4 0.12
4 0.11
4 0.12
14 0.12
C3
A Ag *
Af/ YT X
|
Ag / /
\m/\ﬂ5 )
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A{/ NS A AN

a

A%

A o
N

|
A

3\A4/ P N

|

Asal A7

\A{

Al Ag
A .
|
Ay _z
A7 7 rxﬁ
As sl
i
i
Al Ag
AT X A

e
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C4

CS

C6

C7

C8

C9

wherein Al to A10 are 1dentical to or di

‘erent from each
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other and are each independently N or CR, wherein R 45
1s hydrogen, and * indicates a site at which the structure

1s bonded to Formula 1.

58

2. An organic light emitting compound represented by

Formula I:

(D)

wherein:
X 15 O, S or S1IR, R 4,

‘erent from each other and

R, to R, are 1dentical to or dif

are each independently selected from hydrogen, sub-
stituted or unsubstituted C, -C, , alkyl groups, and sub-
stituted or unsubstituted C.-C,, aryl groups, and at

least one of R, to R4 1s not

hydrogen,

R, to R, are identical to or different from each other and
are each independently selected from substituted or
unsubstituted C.-C;, aryl groups,

R, , to R, ; are identical to or different from each other and
are each independently selected from substituted or
unsubstituted C,-C,, aryl groups, and

in Formula I are i1dentical or ditterent from each other and

are each independently selected
tures C2 to C9:

from the following struc-

C5

C6

C7
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-continued
Al Ag
il
Az
\A«-‘l/ 7z Ag
AS\\\H\:&:
A Ag
A Y
| )\
Az
\A( . ﬁlﬁ

wherein Al to A10 are 1dentical to or di

e
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C8

C9

‘erent from each

other and are each independently N or CR, wherein R
1s hydrogen, and * indicates a site at which the structure

1s bonded to Formula 1.

3. An organic light emitting compound represented by

Formula I:
R
R,
X
RS =
R4
Rg——2Z,
wherein:

X 15 S or S1IR ;R 5,

(D

R, to Ry are 1dentical to or different from each other and
are each independently selected from hydrogen, sub-
stituted or unsubstituted C,-C, 4 alkyl groups, and sub-
stituted or unsubstituted C.-C,, aryl groups,

R, to R, are 1dentical to or different from each other and
are each independently selected from substituted or
unsubstituted C.-C,, aryl groups, substituted or unsub-
stituted C.-C,, arylamine groups, and substituted or
unsubstituted C,-C,, heteroaryl groups having one or
more heteroatoms selected from O, N, S, and P,

1

R, to R, ; are 1identical to or di

‘erent from each other and

are each independently selected from substituted or
unsubstituted C.-C,, aryl groups, and

in Formula I are identical or different from each other and
are each independently selected from the following struc-

tures C1 to C9:
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herein A1 to A10 are i1dentical to or di]

Al Ag
AT N
|
A
BHA4/ % .
|
A

Cl

C2

C3

C4

CS

C6

C7

C8

C9

Terent from each

ner and are each independently N or CR, wherein R 1s
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hydrogen, and * indicates a site at which the structure 1s

o

“
i
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-continued

Compound 35

4
. (
bonded to Formula I, wherein at least one of x,__z__l_ /' and

- AN N X

7z 5 -

G AN
{ 727
N N N

TMS

«.’ ;1s not C1.
4. The organic light emitting compound according to
claiam 3, wherein the compound of Formula I 1s selected

from the following compounds 17, 18, 20, 35, 42, 39 and 60: N

10 \ /

N N
Compound 17 ‘ . N
s /N

SN TR
‘ ‘ 15

F

\

TMS

Compound 42

: I
> .
o O YU

L (
. C
e

Compound 18 O
AR 7
‘ ‘ 30 Compound 59
\/ > \ \

o o“
S d b

o3 O
. 3

Compound 20 45
Compound 60
A
/ -

55
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